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I n t r o d u c t i o n  

V i s c o s i t y  i s  one of  t h e  c r i t i c a l  p r o p e r t i e s  h inder ing  t h e  develop- 
ment of c o a l  l i q u e f a c t i o n  processes .  A product  of  h i g h  v i s c o s i t y  
i s  d i f f i c u l t  t o  pump, f i l t e r  and atomize,  a f f e c t i n g  t h e  f low o f  
process  s t reams,  removal of c a t a l y s t s ,  t r a n s p o r t  from one l o c a t i o n  
t o  another  and p r o p e r  a tomiza t ion  i n  combustion equipment. The 
use  of h i g h e r  tempera tures  t o  reduce v i s c o s i t y  i s  c o s t l y  and i s  
o f t e n  accompanied b y  problems of o x i d a t i v e  and thermal degradat ion 
and s a f e t y .  

V i s c o s i t y  can be reduced by more e x t e n s i v e  hydrogenation. This  
p r a c t i c e ,  however, i n c r e a s e s  t h e  c o s t  of product  and may n o t  b e  
necessary .  I f  t h e  cause  of h igh  v i s c o s i t y  of  c o a l  l i q u e f a c t i o n  
products  i s  thoroughly understood,  an economically a t t r a c t i v e  
a l t e r n a t i v e  t o  e x t e n s i v e  hydrogenat ion can probably b e  found. A 
r e s e a r c h  program t o  i n v e s t i g a t e  t h e  cause of  h igh  v i s c o s i t y  o f  
c o a l  l i q u e f a c t i o n  products  and t o  improve t h i s  c r i t i c a l  p roper ty  
w a s  c a r r i e d  out  a t  Harvey Technical  Center  under t h e  j o i n t  sponsor- 
s h i p  by E l e c t r i c  Power Research I n s t i t u t e  and A t l a n t i c  R i c h f i e l d  
Company. R e s u l t s  o f  this program have been i s s u e d  a s  an  EPRI 
r e p o r t . ( l )  P r i o r  t o  t h i s  j o i n t  program an  in-house p r o j e c t  was 
a l s o  i n i t i a t e d  by A t l a n t i c  R i c h f i e l d  t o  determine causes  and 
remedies for h i g h  v i s c o s i t y  of  c o a l  l i q u e f a c t i o n  products .  One 
r e s u l t  of t h e s e  programs i s  t h e  d iscovery  t h a t  c e r t a i n  chemical 
compounds, when used  a t  concent ra t ions  of  1-10:;, a r e  e f f e c t i v e  i n  
reducing t h e  m e l t  v i s c o s i t y  and s o f t e n i n g  temperature  of these 
c o a l  l i q u e f a c t i o n  products .  This  paper  summarizes our f i n d i n g s  
on t h i s  s u b j e c t  and expresses  our  t h i n k i n g  regard ing  t h e i r  mecha- 
nism of a c t i o n .  

Experiment a1 

Source o f  Coal L i q u e f a c t i o n  Products  

1. H-Coal 

H-Coal was .brovided by Hydrocarbon Research,  Inc . ,  Trenton,  N J ,  
and was ide, :+Lfied as PDU R u n  130-73. T h i s  p i l o t  p l a n t -  run was 
opera ted  a t  a f u e l  o i l  mode meaning t h a t  less ex tens ive  hydro- 
gena t ion  was c a r r i e d  o u t .  This  y i e l d e d  t h r e e  f r a c t i o n s :  atmos- 
p h e r i c  overhead, atmospheric bottoms and vacuum bottoms. The 
last-named f r a c t i o n  conta ined  c a t a l y s t s  and o t h e r  ash-forming 
materials. It was de-ashed i n  o u r  l a b o r a t o r y  by d i s s o l v i n g  i n  
te t rahydrofuran ,  f i l t e r i n g  through a f ine-pore  f i l t e r  a i d  
(Celatorn FP-2 from Eagle-Picher  I n d u s t r i e s )  and removing t h e  
s o l v e n t  by d i l u t i n g  wi th  water ,  f i l t e r i n g ,  washing and dry ing  
i n  a vacuum oven. The de-ashed vac. bottoms was then  combined 
w i t h  t h e  o t h e r  two f r a c t i o n s  accord ing  t o  t h e  propor t ions  
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provided by Hydrocarbon Research. To avoid  ox ida t ion  a l l  
opera t ions  w e r e  c a r r i e d  out under N 2  atmosphere and a l l  
ma te r i a l s  were s t o r e d  i n  d e s i c c a t o r s  o r  c losed  con ta ine r s  
under N 2 .  
f o r  t h i s  study a r e  shown i n  Table 1. 

Analyses of t he  d i f f e r e n t  ba tches  Of H-Coal used 

2. SRC-Coal 

Solvent Refined Coal was provided by C a t a l y t i c ,  I n c . ,  
Wi l sonv i l l e ,  AL. It was produced from I l l i n o i s  No. 6 Coal 
of Burning S t a r  Mines and was used a s  r ece ived  i n  ou r  s t u d i e s .  
Analyses a r e  a l s o  shown i n  Table 1. 

Source of Additives 

A l l  t he  a d d i t i v e s  d iscussed  i n  t h i s  paper (except naphthenic  
a c i d  and aromatic o i l s )  were purchased. Supp l i e r s  and chemical 
s t r u c t u r e  a r e  shown i n  Table 6.  

Blending 

I n  the case of  11-Coal the  components were weighed i n t o  a N 2 -  
f lushed  screw-capped Pyrex j a r ,  hea ted  i n  an oven a t  350-360°F 
u n t i l  t he  s o l i d s  melted and were then s t i r r e d  under a N2 
blanket  i n t o  a homogeneous mixture .  The j a r  was c losed ,  cooled 
t o  room temperature and t h e  s o l i d  mass was pu lve r i zed  i n t o  a 
powder under 142 b l anke t .  This powder was used f o r  a n a l y s i s ,  
f o r  mel t ing  po in t  and s o f t e n i n g  po in t  de te rmina t ions  and f o r  
blending wi th  a d d i t i v e s .  H-Coal and l e s s  v o l a t i l e  a d d i t i v e s  
were weighed d i r e c t l y  i n t o  the  Brookf ie ld  viscometer cup. Th i s  
procedure avoided oxida t ion  of  t h e  product during h o t  b lending  
and was more convenient than ca r ry ing  ou t  t h e  b lending  i n  an 
au toc lave .  However, i t  a l s o  l i m i t e d  t h e  q u a n t i t y  of  11-Coal 
blended i n  each ba tch  and a t o t a l  of s i x  ba tches  had t o  be pre-  
pared f o r  t h i s  s tudy .  An au toc lave  was used when more v o l a t i l e  
a d d i t i v e s ,  e.g. propylene oxide ,  a c e t i c  anhydride and a c e t i c  
a c i d  were employed. 

For Solvent Refined Coal t h e  same procedure was followed except  
t h a t  no b lending  from components was r equ i r ed .  

Viscos i ty  Determination 

1 Viscos i ty  was determined i n  a Brookfield Viscometer (Model RVT 
a t  temperatures of  278-500°F and shea r  r a t e s  of 14 and 28 sec- . 
These correspond t o  speeds of  50 and 100 rpm wi th  t h e  SC 4-28 
sp ind le .  A l l  v i s c o s i t y  da ta  were based on an average o f  t h r e e  
readings  which were m u a l l y  w i t h i n  2 2  of each o the r .  Tempera- 
t u r e s  shown f o r  t h e  v i s c o s i t y  da t a  w e r e  a c t u a l  temperatures 
based on c a l i b r a t i o n .  Low and i n c o n s i s t e n t  v i s c o s i t y  readings  
obta ined  f o r  non-homogeneous samples were d is regarded .  



Sof ten ing  Poin t  Determinat ion 

The  s o f t e n i n g  p o i n t  w a s  determined accord ing  t o  ASTM Method 
D-2398. To avoid excess ive  o x i d a t i o n ,  t h e  p r e p a r a t i o n  o f  t h e  
sample d i s c  w a s  c a r r i e d  o u t  under N2 atmosphere i n  t h e  labo-  
r a t o r y  o f  one o f  t h e  i n v e s t i g a t o r s .  

R e s u l t s  and Discussion 

The a d d i t i v e s  found t o  be e f f e c t i v e  a t  1-10% l e v e l  can be d iv ided  
i n t o  two groups: those  which a r e  r e a c t i v e  w i t h  c e r t a i n  components 
of coal  l i q u e f a c t i o n  products  and t h o s e  which a r e  u n r e a c t i v e .  These 
m a t e r i a l s  a r e  d e f i n e d  as a d d i t i v e s  on t h e  b a s i s  t h a t  they  perform 
an e s s e n t i a l  f u n c t i o n  a t  a r e l a t i v e l y  low concent ra t ion .  

React ive Addi t ives  

twsf?sfion The presence of a c i d i c  and b a s i c  components i n  c o a l  
products  i s  w e l l  known. S ternberg  and h i s  coworkers 
repor ted  t h a t  a s p h a l t e n e s ,  t h e  key i n t e r m e d i a t e  of  c o a l  l i q u e f a c t i o n ,  
conta ins  both  a c i d i c  and b a s i c  components and t h a t  t h e  hydrogen 
bonding between t h e s e  components i s  r e s p o n s i b l e  f o r  t h e  high vis-  
c o s i t y  of t h e  products .  The a c i d i c  components inc lude  phenols and 
p y r r o l e s ,  whi le  t h e  b a s i c  components a r e  p y r i d i n e s .  

Based on t h i s  knowledge w e  p o s t u l a t e d  t h a t  any chemical compound 
which can r e a c t  w i t h  e i t h e r  t h e  a c i d i c  o r  b a s i c  groups w i l l  reduce 
t h e  v i s c o s i t y  of c o a l  l i q u e f a c t i o n  products  by conver t ing  t h e  a c i d  
o r  b a s i c  components i n t o  n e u t r a l  ones and, i n  so  doing, e l i m i n a t e  t h e  
s t r o n g  i n t e r m o l e c u l a r  f o r c e s  causing h igh  v i s c o s i t y .  The p o s t u l a t i o n  
was proved t o  be c o r r e c t .  Fig.  1 shows t h e  v i s c o s i t y  o f  a H-Coal 
w i t h  and wi thout  t h e  presence  of 5% by weight  of  var ious  r e a c t i v e  
a d d i t i v e s .  Table  2 shows t h e  e f f e c t  o f  t h e s e  a d d i t i v e s  on s o f t e n i n g  
temperature  and a c a l c u l a t e d  % r e d u c t i o n  of  330°F v i s c o s i t y .  
a d d i t i v e s  r e p r e s e n t  t h e  fo l lowing  c l a s s  o f  chemical compounds. Only 
one o r  two compounds i n  each c l a s s  were t e s t e d  and consequent ly ,  may 
n o t  r e p r e s e n t  t h e  optimum choice.  The l a t t e r  i s  dependent on c o s t ,  
a v a i l a b i l i t y ,  e f f e c t i v e n e s s  and such c o n s i d e r a t i o n s  as v o l a t i l i t y ,  
cor ros iveness ,  t o x i c i t y ,  s a f e t y  and ease o f  handl ing.  

These 

a.  

b. 

Acids and Anhydrides 

These compounds are expected t o  conver t  t h e  b a s i c  n i t r o g e n  com- 
pounds t o  s a l t s  o r  amides, e l i m i n a t i n g  t h e  H-bonding w i t h  t h e  
weaker p h e n o l i c  compounds. Compounds t e s t e d  inc lude  naphthenic  
a c i d ,  a c e t i c  a c i d ,  a c e t i c  anhydride and dodecenyl s u c c i n i c  
anhydride. A t  a c o n c e n t r a t i o n  of 5% W, t h e  reduct ion  i n  330°F 
melt  v i s c o s i t y  was 82-59%. I n  l a t e r  work wi th  1 and 2% a c e t i c  
anhydride and a d i f f e r e n t  ba tch  of H-Coal r e d u c t i o n s  of 355'F 
v i s c o s i t y  o f  40.5 and 52.5% were obta ined .  (Table 4 )  

Amines 

The amines s e l e c t e d  f o r  t e s t i n g  were Cocoamine and Duomeen C ,  
based on c o n s i d e r a t i o n s  o f  v o l a t i l i t y .  A t  5% 11 they  reduced 
330°F v i s c o s i t y  of  H-Coal by 72.6-31.0%. 
s e n t e d  by B') probably f u n c t i o n  by r e p l a c i n g  t h e  weaker pyr id ine  
type components (B) from t h e  hydrogen bonding p a i r  A---B. 

These amines ( repre-  
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The new hydrogen bonding p a i r  formed A-B' w i l l  have  lower 
v i s c o s i t y ,  s i n c e  B' i s  a smaller molecule  t h a n  B. 

c. Epoxides 

Epoxides can r e a c t  w i t h  t h e  p h e n o l i c  compounds i n  t h e  c o a l  
l i q u e f a c t i o n  p r o d u c t ,  forming h y d r o x y a l k y l  e t h e r s .  

t r  I I  

\ /  R 
0 OH 

The epoxides  t e s t e d  i n c l u d e d  propylene  o x i d e  and Epoxide No. 7 ,  
a g l y c i d y  e t h e r  o f  a m i x t u r e  o f  n-C8 and n-C1 The 
former lowered 355OF v i s c o s i t y  o f  one b a t c h  o f  H-Coal by 56.7% 
when used a t  2% IJ. The l a t t e r  lowered t h e  330°F v i s c o s i t y  o f  
a n o t h e r . b a t c h  by 84.3%, when used  a t  5% W. The e f f e c t  of con- 
c e n t r a t i o n  of propylene  oxide  on v i s c o s i t y  of  H-Coal i s  shown 
i n  Table  4. 

a l c o h o l s .  

Un r e  a c t i ve A d d i t i v e s  

Compounds o f  t h i s  t y p e  a r e  n o t  expec ted  t o  r e a c t  c h e m i c a l l y  
w i t h  components o f  c o a l  l i q u e f a c t i o n  p r o d u c t s .  
t h e i r  e f f e c t  on v i s c o s i t y  and s o f t e n i n g  p o i n t  o f  li-Coal. A t  a 
c o n c e n t r a t i o n  of  5% IJ t h e y  reduced  t h e  330°F m e l t  v i s c o s i t y  of 
H-Coal by 7G.3-95.5:; and lowered t h e  s o f t e n i n g  p o i n t  by 17-81°F. 

One most promis ing  compound i s  N-methyl-2-pyrrol idone (NMP) . A t  
5% W i t  gave t h e  l a r g e s t  r e d u c t i o n  i n  v i s c o s i t y ,  95.5:b, among 
t h e  compounds t e s t e d  and i s  shown i n  Table  4. Subsequent  con- 
c e n t r a t i o n  s t u d i e s  i n d i c a t e d  t h a t  i t  i s  q u i t e  e f f e c t i v e  even a t  
1% IJ. The r e s u l t s  of  t h i s  c o n c e n t r a t i o n  s t u d y  a r e  shown i n  
Table  4 and i l l u s t r a t e  t h a t  68.0-78.4: r e d u c t i o n s  o f  t h e  330°F 
v i s c o s i t y  was a c h i e v e d  w i t h  1% N-methyl-2-pyrrol idone f o r  d i f -  
f e r e n t  b a t c h e s  o f  li-Coal. F i g .  2 shows v i s c o s i t y  o f  H-Coal a s  
a f u n c t i o n  of  tempera ture  and c o n c e n t r a t i o n  of  IJMP. 

These compounds belong t o  t h e  chemical  c l a s s e s  o f  amides,  phos- 
phoramides,  lactarns and ke tone .  They a r e  a l l  p o l a r  compounds 
w i t h  moderate hydrogen bonding c h a r a c t e r i s t i c s .  T h e i r  a b i l i t y  
t o  reduce  t h e  v i s c o s i t y  of  N-Coal i s  b e l i e v e d  t o  be r e l a t e d  t o  
t h e i r  s t r o n g  s o l v e n t  powe o r  t h e  a s p h a l t e n e s  and p r e a s p h a l -  
t e n e s .  A l t g e l t  and H a r l e t 5 f  r e p o r t e d  t h a t  v i s c o s i t y  o f  s o l u t i o n s  
o f  petroleurn a s p h a l t e n e s  i s  dependent or t h e  n a t u r e  o f  s o l v e n t .  
A good s o l v e n t  such  a s  p y r i d i n e  providet :  7 much l o v e r  s o l u t i o n  
v i s c o s i t y  f o r  a pe t ro leum a s p h a l t e n e  than  a poor s o l v e n t  such  
as cyclohexane.  From t h i s  and r e l a t e d  o b s e r v a t i o n s  t h e y  con- 
c luded  t h a t  v i s c o s i t y  of  a s p h a l t s  depends c o n s i d e r a b l y  on t h e  
i n t e r m o l e c u l a r  a g g r e g a t i o n  o f  d i s s o l v e d  a s p h a l t e n e s  and t h e  
e x t e n t  of  a g g r e g a t i o n  i s  dependent on t h e  s o l v e n t .  

T a b l e  3 shows 
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The s i t u a t i o n  encountered  wi th  H-Coal i s  b e l i e v e d  t o  b e  
s i m i l a r  i n  t h e  sense  tha t  good s o l v e n t s  d i d  reduce v i s c o s i t y  
and t h a t  t h e  h i g h  v i s c o s i t y  i s  caused by aggrega t ion .  Dif- 
fe rences  may ex is t  i n  t h e  cause o f  aggre a t i o n .  A l t g e l t  and 
Har le ,  r e f e r r i n g  t o  s t u d i e s  by Yen e t  a l f 6 ) .  d e s c r i b e d  t h e  
aggrega te  as the s t a c k i n g  of condensed aromatic  r i n g s .  For 
coal  l i q u e f a c t i o n  products ,  t h e  work of  S ternberg  a l s o  i n d i -  
ca ted  t h a t  aggrega t ion  o f  asphal tene  molecules i s  caused by 
in te rmolecular  If-bonding between a c i d i c  and b a s i c  groups. 
Regardless  of t h e  exac t  mechanism we can expect  t h a t  aggrega- 
t i o n  of molecules  does exis t  in  c o a l  l i q u e f a c t i o n  products  and 
t h a t  good s o l v e n t s  can a l t e r  t h e  e x t e n t  o f  aggrega t ion  and 
thereby reduce i t s  v i s c o s i t y .  

One important  d i f f e r e n c e  between t h e  p r e s e n t  case  and t h a t  of 
A l t g e l t  and l f a r l e  i s  t h e  r e l a t i v e  propor t ion  of  s o l v e n t  and 
s o l u t e  molecules .  In t h e  l a t t e r  case  t h e  h i g h e s t  concent ra t ion  
o f  s o l u t e  was 26.8% and t h e  predominant s p e c i e s  i n  t h e  s o l u t i o n  
i s  t h a t  of t h e  s o l v e n t .  I n  t h e  case  w i t h  H-Coal and 1% NMP i t  
is es t imated  t h a t  each molecule of  NMP has t o  exert  i t s  e f f e c t  
on 10-15 molecules  o f  asphal tene  o r  preasphal tenes .  This  seems 
t o  i n d i c a t e  t h a t  t h e s e  asphal tenes  and preasphal tene  molecules 
do e x i s t  i n  aggrega tes  o f  10-15 and more and t h a t  NMP e x e r t s  
i t s  e f f e c t  n o t  on i n d i v i d u a l  molecules b u t  on t h e s e  aggrega tes .  

E f f e c t i v e n e s s  i n  Solvent  Refined Coal (SRC) 

a .  React ive Addi t ives  

b 

SRC from I l l i n o i s  NO. 6 coal  was t r e a t e d  wi th  1 and 2% of 
propylene oxide ,  a c e t i c  a c i d  and a c e t i c  anhydride i n  an  auto-  
c lave .  A r e a c t i o n  temperature  of 500°F was maintained f o r  30 
min. The t r e a t e d  product  had a v i s c o s i t y  15-40% lower than t h e  
o r i g i n a l  SRC (Table  5 ) .  This improvement was cons iderably  l e s s  
than t h a t  occur red  w i t h  H-Coal (40.5-56.7%) under comparable 
test condi t ions .  

Unreact ive Addi t ives  

O f  t h e  many u n r e a c t i v e  a d d i t i v e s  found e f f e c t i v e  i n  H-Coal only 
one was chosen f o r  t rea tment  of  SRC. Resul t s  i n d i c a t e d  t h a t  
N-methyl-2-pyrrolidone yave a 48.2% reduct ion  o f  430°F v i s -  
c o s i t y  a t  a concn. of  4 .  \!. 

However, a number of aromatic  petroleum by-products were found 
to  b e  e f f e c t i v e  a t  concent ra t ions  of  10%. Data i n  Table  5 show 
t h a t  t h e  two a r o m a t i c  e x t r a c t s  reduced t h e  440°1: v i s c o s i t y  by 
44.0-72.5%. These a r e  by-products  from so lvent  r e f i n i n g  of 200 
and 100 v i s c o s i t y  (SUS @ 100OF) l u b r i c a n t  base o i l s .  The con- 
c e n t r a t i o n  of a romat ic  hydrocarbons by c lay-ge l  a n a l y s i s  i s  i n  
t h e  range  o f  66-70?;. 
v i s c o s i t y  by 78.0-83.57;. 
cracker  and c o n t a i n  approximately 60% aromatic  hydrocarbons. 
e f f e c t i v e n e s s  of t h e s e  a d d i t i v e s  i s  apparent ly  r e l a t e d  t o  t h e  
presence of  h i g h  concent ra t ions  of  aromatic  h;7drocarbons and 
t h e i r  b e t t e r  s o l u b i l i t y  f o r  t h e  components o f  SRC. 
e f f e c t i v e n e s s  o f  l i g h t  c y c l e  o i l s  than  t h e  a romat ic  e x t r a c t s  
is b e l i e v e d  t o  b e  r e l a t e d  t o  t h e i r  much lower v i s c o s i t y .  

The two l i g h t  c y c l e  o i l s  reduced t h e  4400F 
They a r e  by-products of  f l u i d  c a t a l y t i c  

The 

The g r e a t e r  
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Tab le  1 

Composition of Coal L i q u e f a c t i o n  P roduc t s  

I d e n t  i t y 
Batch   NO.^ 
Analyses  

Wt. % c 
H 
0 
S 
N 
Ash 

1401. R a t i o  H / C  
H20 

H-Coal SRC 
1 L 3 6 -I- 

6 . 7 1  7.15 7.30 7.38 5.75 
4.66 4.11 4.12 4 .  80 5.00  
0.70 0.62 0.57 0.67 
1 .39  1 .28  1.27 1.28 2.00 
0.14 0.17 0 . 2 1  0.15 0 . 2 4  
0 .32  1. 56 0 . 1 3  - - 
0 . 9 3  0 .99  1.00 1.03 0.79  

85 .65  85.65 86.75 85 .34  86.90 

- 

a Batches 4 and 5 were b l ended  w i t h  same p r o p o r t i o n s  of atmos- 
p h e r i c  ove rhead ,  a tmosphe r i c  bo t tom and de-ashed vac. bottoms 

~ a s  Batch 3 .  They were n o t  ana lyzed .  

Table  2 

E f f e c t  o f  A d d i t i v e s  on V i s c o s i t y  and S o f t e n i n g  P o i n t  o f  H-Coala 

% Reduction 

A d d i t i v e  
S o f t e n i n g  P o i n t  V i s c o s i t y  

W t .  1 OF a t  330°F 
be t e rmined  Reduction 

None - 2 75 - - 
Naphthenic  Acid  5 210 6 5  8 2 . 1  
A c e t i c  Anhydride 5 235 40  88.8 
Dodeceny 1 S u c c i n i c  5 2 2 3  52  84.4 

Coco amine 5 200 75 81.0 
Anhy d r  i de 

Duomeen C 5 210 6 5  72.6 
Epoxide No. 7 5 2 0 3  7 2  84.3 

a Batch 2 ,  B r o o k f i e l d  V i s c o s i t y  22.10 p o i s e  a t  330°F and 28 s e c - l .  
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Tab le  4 

Effec t  of C o n c e n t r a t i o n  of  A d d i t i v e  on V i s c o s i t y  o f  11-Coal 

H-Coal B r o o k f i e l d  V i s c o s i t y  
Add i t ive  W t .  i Batch No. P o i s e a  

3300F 3 5 5 OF 

Acetic Anhydride 0 5 
1 
2 
4 

2 
4 

I ,  

I t  

I 1  

Propylene  Oxide 0 6 
I t  

I, 

N-Methyl-2- 0 4 
Pyr ro l idone  1 I 1  

2 I 1  

4 I ,  

- 24.13 - 14.35 
- 11.46 - 9.00 - 16.08 - 6.97 - 4.53 

37.50 - 
8.10b - 
5.58 - 
3.17 - 

% 
Reduct ion 

- 
40.5 
52.5 
62.7 

56.7 
71.8 

75.4 
85.1 
91.5 

- 

- 

a A t  s h e a r  r a t e  of 28 sec-l  
b E x t r a p o l a t e d  from V i s .  a t  340 and  355OF 

Tab le  5 

E f f e c t  o f  A d d i t i v e s  on V i s c o s i t y  of  So lven t  Ref ined  Coal 

Add i t ive  Wt. I 
None - 
Propylene  Oxide 1.0 
Acet ic  Acid 2.0 
Acet ic  Anhydride 1.0 
Aromatic  O i l s  

2095 E x t r a c t  10.0 
1095 E x t r a c t  10.0 
L i g h t  Cycle  O i l  10.0 
Hydro t r e a  t e d 10.0 

L igh t  Cycle  O i l  

Brook fi e l d  V i s  cos  i t y  
440°F, 28 s e c - 1  

P o i s e  

10.00 
8.50 
7.00 
6.00 

5.60 
2.75 
2.20 
1.65 

I Reduct ion 
V i s c o s i t y  
a t  440°F 

- 
15.00 
30.00 
40.00 

44.0 
72.5 
78.0 
83.5 
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T a b l e  6 

S u p p l i e r  and Nature  o f  A d d i t i v e s  

Add i t ive  

Naphthenic Acid 
(200 A.N.) 

Chemical Nature  o r  S t r u c t u r e  

A m i x t u r e  of  c a r b o x y l i c  a c i d s  
c o n t a i n i n g  a c y c l o p a r a f f i n i c  
r i n g  and i s o l a t e d  from naph- 
t h e n i c  c rude  o i l .  Avg. Mol. 
W t .  260. 

S u p p l i e r  

A t l a n t i c  
Richf  i e l d  

A c e t i c  Anhydride Eastman Organic  
Chemicals 

Dodeceny 1 S u c c i n i c  
Anhydride 

Humphrey Chem. 
co  . C12H23 - CH- CO 

I > o  
CH2-CO 

Propylene  Oxide Union Carb ide  CH3-CH-CH2 
\ /  

0 

Epoxide No. 7 ROCH2- C t - F H 2  
0 

R = n-CgH17 Gr n-C10H21 

P r o c t e r  Fr 
Gamble 

Pr imary  amine produced from 
coconut f a t t y  a c i d s .  

Cocoamine Armak 

Duomeen C Armak 

Dimethylacetamide Aldr  i ch 

A l d r i c h  

A1 d r  i c h  

Te t r ame thy lu rea  Me 2N- CO- NMe 2 

Hexamethyl- 
phosphoramide 

N-me t hy 1- 
2 - p y r r o  l i d o n e  

GAF CH2-CH2 
t i  

CB2-C = 0 

Y 
I 
14e 

Met hy l h e p  t y  1 
ke tone  

Amour  n-C7H15 C-Me 
II 
0 
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Figure 1. Effect 01 Additives on Viscosity of HGoai 

300 320 340 360 380 400 420 

Temperature, 'F. 
Figure 2. Ellect 01 N-Methyl-2-Pyrrolidone (NMP) on Viscosity of H-Coal (Batch 4) 
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